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INTRODUCTION
HISTORY:

Manganese was not discovered

until 1774,

and it was not until the discovery of its value in the
steelmaking

operation

sumed much importance

in 1856, by Mushet, that it asin industry.l Although

many uses for manganese

today, none of them approaches

its importance as a deoxidizing
ture of steels.

agent in the manufac-

Without manganese

the steelmaking

dustry would be ~ery seriously handicapped.
lurgy of manganese

there are

in-

The metal-

has been developed around the high-

grade ores, and unfortunately,

our reserves of high-

grade ores are very limited~
Up to the time of the development
tic process practically
and consequently

of the electroly-

no metallic manganese was made,

all statistics are usually expressed

in long tons of manganese

ore (50 per cent manganese).

British India" Russia, and Brazil have always been the
principal producers

of the world's manganese
"

in recent years Russia has outstripped

ore, but

all others.

At

the present time, we are almost entirely dependent upon
foreign sources for this very vital raw material.
The reserves of manganese
other than the so-called

ore in the United States,

"high-grades",

have been

2

estimated to be great enough to outlast the nation's reserves of iron are.
using manganese

This, however,

ores with.quite

is on the basis of

low manganese

for example, with 25 per cent of manganese

content,

instead of

50 per cent, and including ore of even lower grade, such
as the South Dakota spathic manganese
per cent each of manganese

are with about 16

and iron.

In World War II, by reason of our vulnerable
tion, there were stockpile purchases
as early as 1940.

of manganese

Increased prices and publicity

to raise domestic production,

posiore
failed

(it increased only from

30,000 tons in 1939 to 40,000 in 1940); therefore,

the

Federal Government was obliged to finance the exploitation of domestic deposits,
plants for the low-grade

the building

ores, and the importation

large amounts of high-grade
emergency,

of treatment

foreign ores.

of

Early in the

the metal was placed on the strategic list,

but so suecessful were the above measures

that it was

shifted to the essential list in 1942, and produetion
continued at a high-level

throughout

The future of the domestic

the war.

industry is uncertain,

however, because it is doubtful if our concentrates
can compete with high-grade

foreign ores, on a price

3

basis, in the post-war market.

Furthermore,

even though

these new plants served our purposes during the war, it
is felt that the utilization

of our domestic ores still

awaits an entirely satisfactory

and completely demon-

strated method for effective beneficiation.
Fully 90 per cent of the manganese

consumed in this

country is used in making steel, not only to deoxidize
and recarburize

the molten metal, thus making possible

the production

of cleaner and sounder ingots, containing

the desired amount of carbon, but,. also to impart certain
special qualities to the finished product.

Its importance

to us may be judged by the fact that about 16 pounds of
manganese

or about 20 pounds of 80 per cent ferromangan-

ese are required for each ton60f steel.
an annual production

On the basis of

of 45,000,000 tons of ingot iron,

we would req~ire 450,000 tons of ferromanganese.
ese is a constituent

Mangan-

of alloy steels, in which, in

amounts up to 14 per cent, it imparts attractive properties, chiefly toughness.
Manganese

also finds an important use as an alloy-

ing agent with many of the non-ferrous
the aluminum

elements.

In

industry it is employed as a hardening

agent, because it is one of the few elements that may

4

be added to aluminum,

to increase its hardness,

having a bad effect on. the corrosion-resisting
In magnesium

and its alloys, manganese

prove the resistance
yield strength.

to corrosion

is added to im-

It is also used in small amounts as a

In 1939 our annual requirement

000 tons.

properties.

and to increase the

consti tuelll.t
of the so-called manganese

or concentrate

without

of ferromanganese

With the development

bronzes.·

of manganese

ore

grade was about 1,250of new deposits, pro-

cesses, and plants,

it is hoped that our domestic capa-

city will eventually

reach 650,000 tons of 60 per cent

concenere te , which with reasonably
will give uS the necessary

expee:ted imports,

tonnage for our industry.

Of this amount about 35 per cent will probably be obtained from Minnesota,
per cent from Nevada,

22 per cent from Montana,

17

and 15 per cent from South Dako-

ta.
Montana has several types of manganese
pOSits.

At Philipsburg

ore de-

there is a deposit of pyrolu-

site and at Butte there exists a large deposit of
rhodochrosite.

At the present time, the low-grade

posit of rhodochrosite

de-

from the Emma Mine at Butte, is

being treated at Ane eonde ,

The rhodoc.hrosi te occurs

5

in a siliceous gangue containing about 17 per cent manganese.

It has been found possible to grind and concen-

trate this ore by flotation to a 38 to 40 per cent product, and then nodulize this product to one containing
58 per cent manganese.
form of a ferro-grade

The nodules produced are in the
manganese

oxide.
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PREVIOUS INVESTIGATIONS:

Most of the work pertaining

the leaching, purification
grade manganese

and electrolysis

to

of our low-

deposits has b~en carried on by the Uni-

ted States Bureau o~ Mlnes,2'>Until
tinuous production

t~e method of con-

of manganese by electrolysis

fected by Dr. Dean and his co-workers
practical procedure

was per-

of the Bureau, no

had been devised.

Results ot the work of the early Bureau of Mines
investigations

were sufficiently

encouraging

to justi-

fy the construction
Tennessee,

of a commercial plant at Knoxviale,
by the Electro-Manganese corporation.4 The

original plant capacity was 2 tons a day, and after 5
years of successful operation
tons a day.

it was increased to 4

This plant is using the basic process as

developed by the Bureau of Mines during the period from
1936 to 1938.
In April 1941 constiT·uctionof a pilot plant at
Boulder City, Nevada, was begun.
was under construction,

While the pilot plant

some laboratory

investigations

were carried on, and the work was reported by Woodman
and Jacobs.5
From the work conducted by the Bureau of Mines,6
it was concluded, among other things" that the various

7

higher oxides of manganese,

especially pyrolusite,

psilo-

melane, and wad, were readily soluble as sulphates in hot,
sulphurous aCid; the actd is formed by introdue1ng
or furnace gas containing

2 to 6 per cent by volume of

sulphur dioxide counter-current

to a pulp flow having a

consistency

of two of water to one of -20 mesh ore.

considering

the carbonates

from an operating
method.

hot air

of manganese

standpoint,

Next

it was found that

they were insoluble by this

The sulphur dioxide slowly attacks and decomposes

the carbonate, but some of the dissolved manganese
once re-precipitates
the remaining

at

as a sulphite; this precipitate

undissolved

ca~bonate and effectually

costs
pre-

vents further dissolution.
On further investigation"

it was found that mangan-

ese carbonate will react with sulphuric acid to form
manganou~

sulphate.

Therefore, DO roasting would be re-

quired before leaching, provided that the carbonate ore
could be leached at an economical rate with dilute sulphuric acid.
like manganese

On the other hand, manganese

dioxide, can be roasted in a reducing at-

mosphere to fora manganese
sulphurous

carbonate,

acid method.

oxide and then treated by the

8

United States Bureau of Mines tests on the Butte
rhodochrosite

ores 7 stated: •••••••

"63.5 per cent of the manganese could be dissolved
in the dilute sulphuric acid-ammonium

sulphate solution

after eighteen hours agitation at room temperature,
98.0 per cent of the manganese

but

content could be dissolved

in two hours agitation at 7500."
"It is concluded that rhodoenrosite
leached satisfactorily

ore can be

without roasting, provided that

the solution is heated above room temperature.

NO de-

tailed studies have been made." •••••••
Both Thompson and Slosson8,9agree
conclusions.

with the above

Slossen further states that the rhodochro-

site ore should be ground to at leas't 90 per cent through
100 mesh to yield the highest recoveries.

9

PROBLEM
It has been shownlO that a coherent and pure metallic deposit can be obtained by the elec;trolysis of a
solution containing

manganous

sulphate, ammonium

sulphate,

and a small quantity of sulfuric acid at a pH of 6 to 8.
The work carried on in this Thesis was an effort to
obtain optimum leaching
ore being produced
Previous

conditions

for the rho.dochrosi te

at the Emma Mine at the present time.

to this time several investigations

were

carried on at this institution

using rhodochrosite
38 per cent manganese.8,9The ore which

which contained

is being mined at present
cent manganese,

therefore,

contains approximately
it seemed advisable

new series of leaches following
used by Slosson, to determine

17 per
to run a

in general, the procedure

optimum conditions

on this

lower grade ore.
It was originally
purification

procedures

sulphate solution,

intended to work out a series of
in order to produce a manganous

sufficiently

trolyte in an experimental
student.

pure for use as anelec-

cell being built by another

However, because of inexperienoe' and difficul-

ties encountered,

and the delay in obtaining

the ore

10

sample, no purification
Therefore,

of the leach solution was attempted.

the only other alternative

was chosen.

The au-

thor referred to the literature and found that the Bureau
of Mines had worked out purification

methods for most of

the common impurities to be found in such a leach solution.

A description

of these procedures

will be found un-

der the section entitled, "Purification."
The tests made by the United States Bureau of Mines
at Reno, Nevada,7indicated
trolyte was desirable.

that leaching with spent elec-

Their laboratory

at least 99.0 per cent of the manganese

tests show that
content in the

ore can be leached readily with a two-stage
cedure, using the spent electrolyte,

leaching pro-

containing

30 grams

per liter of sulphuric acid on the first stage, and a
stronger concentration

of acid on the second stage.

How-

ever, all of my tests were of single stage leaching to
determine

its possibilities,

were adjusted to facilitate

and the acid concentrations
complete removal of the mang-

anese content of the ore undec ~deal conditions.

11

LEACHING PROCEDURE
A working

sample of approximatelr

obtained from the E.IlllIla
Mine.
to the sampling methods

100 pounds was

No details were given as

employed in obtaining

but it is assumed that the regular methods
I

used by the Anaconda

the ore,

commonly

Copper Mining Company men were em-

ployed.
The ore was brought to the laboratory
pound bags.

in two fifty-

After running the ore through a jaw-crusher,

the finer material

was screened through a 3-mesh screen

and the oversize was passed through a set of rolls until
all the material passed through the 3-mesh screen.
was then thoroughly

This

mixed and split in a large Jones

riffle, one-half was set aside for reserve and the other
half ·was again split.

After each split one-half was set

aside for reserve and the other half was split again until several samples were obtained which were small enough
to be e~sily handled.
Severel

of the working

samples were the~ ground to

obtain samples of v"8-riousfineness.

Screen analyses

were run on these and results tabulated

in Table 1.

These sized samples were put aside for later leaching
tests.

Since Slosson9

found that a fine grind produced

12·

better results than a coarse grind, most of my leaching
tests were run on a -65 and -100 mesh ore.

Quite a

large amount of fines were found to be present in these
mesh sizes, which slowed down,\ oonsiderably,
ing of the solution after leaching.
Upon analysis,
cent manganese,

the filter-

.~

the ore was found to contain 17 per

3 per cent iron, 3.2 per cent Zinc, and

36.8 per cent silica.

Bureau of Mines analysis of the

38 per cent ore showed minor amounts of arsenic~ nickel,
cobalt, calcium carbonate, and slightly larger amounts
of magnesium

carbonate

(1.63 per cent).7 Theseimpuri-

ties act as leach-resistant

materials

and acid consumers,

however, they are present in such minute quantities
they probably
only slightly.

that

effect the overall leaching efficiency
They must, of course, be removed by puri-

fication methods,

if they are carried over into the preg-

nant solution, before the solution can be successfully
electrolyzed.

The loss of acid in leaching depends

largely on acid-soluble

alkaline metals in the ore.

At the start of the leaching experiments

a stand-

ard 110-volt hot plate was the heating unit employed.
Several students were in need of the one available

so

numerous attempts were made to re-build the old unit.
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However,

failure of this electrical

unit in the middle

of the lea ching tests made it necessary
to a natural

gas-heating

Diesses of asbestos
temperatures
grees.

unit.

to switc'h O'Vler

By using various thick-

sheets aOO regulating

the floY' of gas,

were held constant within five or six de-

All leaching tests were carried out in a large

beaker, ~ontaining
was accomplished

1 liter of solution, and agitation
by means of an electric agitator

fitted with a glass stirring rod,.,bent in the form of
a U at the bottom.
In all commer~ial

practice spent electrolyte

is

used as the leaching reagent.

It is, of course, sul-

phuric acid and is regenerated

in the electrolytic

cess.

Throughout

these investigations,

to adjust conditions

pro-

it was attempted

to conform with commercial

prac-

tices.
According

to United States Bureau of Mines state-

ments a high concentration
because:?
"(1)

of ammonium

sulphate is used

••••
In the subsequent

electrolytic

tion of the deposited metal is encountered
quently, provided

that the ammonium

cell, resoluless fre-

sulphate ,concentra-

tion is 100 grams per liter or greater in the almostpure solution.
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"(2) The flow of current between the anode and cathode is through a conductive acidic anolyte, through a
cloth diaphragm,

and through a basic catholyte.

the metallic manganese

deposition

takes place with one

pass through one catholyte chamber of one cell.
quently, high metal recovery necessitates
sulphate concentration

All of

in the catholyte

Conse-

low manganese
chamber.

Mang-

anese sulphate solution is a relatively poor conductor
of electricity,

particularly

at low concentrations.

The high ammonium sulphate concentration
duce ohmic resistance

serves to re-

in the catholyte solution and pro-

vides lower cell voltage and, consequently,

lower power

consumption. "
From the ternary diagramsllreproduced

in Figure 1,

it is shown that the solubility of manganese

sulphate

in a solution of ammonium sulphate is definitely
if excessive

e;:rystallization is to be prevented.

limited
United

States Bureau of Mines work has shown that ammonium sulphate present in a greater concentration
per liter has no beneficial
that concentrations

than 125 grams

effect upon the bath and

from 150-200 grams per liter provide

a good working range.

In all laboratory

leaching tests,

150 grams of ammonium sulphate per liter were used~

15

Bureau of Mines7 investigations
is best to limit the manganese

have shown that it

sulphate concentrations

in the eatholyte feed to less than 70 grams per liter,
which is equivalent
liter,

to twenty-five

This is necessary

acid concentration

grams of manganese

per

because it limits the sulphuric

of the anolyte and, hence, protects

the cloth diaphr.asm from corrosion and disintegration.
All of my tests were made with the idea of keeping the
manganese

sulphate at 70 grams per liter.

manganese

sulphate concentration

Increase in

would require a de-

crease in ammonium. sulphate concentration

if the solu-

bility limits are to be adhered to in the same degree.
The changes would effect the resistances

of both the

catholyte and anolyte.
Manganese
ese.

carbonate

contains 47.8 per cent mangan-

The ore used in this investigation

contained only

17 per cen.t manganese.

Assuming all of this is present

as manganese

calculations

carbonate,

show the ore to

contain 35.5 per cent manganese

carbonate.

grams of 100 per cent manganese

carbonate will yield

70 grams of manganese

(25 grams of manganese

sulphate,

Since 53.3

per liter) it takes 150 grams of 17 per cent ore to attain the desired proportions

stated above.

Further

16

~alculations

show that. 44 grams of sulphuric acid will be

required per liter, to dissovle
manganese

sulphate.

ideal conditions

25 grams of manganese

All the above calculations

as

are for

and assume 100 per cent recowery with

leaching to the neutral point.
All leached solutions were filtered in a Buckner
Filter and analyses were run on the filtrates only;
residue was discarded.
determining

manganese;

used to determine
was determined
hydroxide

The Volhard Method was used for
a standard permagnate

the iron; and the free acid content

solution.

Phenolphthalein

formed be-

Methyl orange was thea

(because its transition point is in the pH range

of 4.0 - 5.0 which is very close toa
precipitation
problem.

sodium

as an indicator was

because a heavy precipitate

fore the end point was reached.
chosen,

method was

by titration with a standardized

found unsuitable,

fhe

pH of 5.3, the

point of ferric hydroxide,)

this solved the

and a sharp end point could be observed without

inteference

from a precipitate.

17

PURIFICATION
One of the major difficulties
elee,trowinning of manganese
electrolytes

in the

from any ore is to obtain

of the required high degree of purity.

Investigatore12report
purities

encountered

lim.1ting concentrations

of im-

to be as follows:

"Sodium" potassium"

and magnesium. may be present

in amounts up to 20, 10, and 40 grams per liter respectively •. Iron in amounts up to 0.04 gram per liter reduces the yield considerably
amQ~t

and when present in the

of 0.1 to 0.3 grams per liter, the yield of

manganese

drops to

4 to 5 per cent.

Nickel in the

amount of 0.03 gram per liter reduces the yield by 10
per cent and if 0.05 gram per liter- of nickel is present, there is no deposition
purities present
and alkaline
Harmful

of manganese.

in pyrolusite,

Of the im-

all but the alkaline

earth metals should be removed."
impurities,

including

iron, copper, arse-

nic, cobalt, and nickel, if present in the ore, must be
reduced to low concentrations.
developed

in the electrolytic

Methods

zinc industry, are appli-

cable, with certain modifications,
of manganese

for purification

sulphate solution.

to the purificetion
~etnbd$ of purification

18

have not been explored completely.
ties in manganese
Iron:

electrolyte

Individual

imp uri-

will be considered.

It has been found that the solubility

ferric iron in manganese
ence of ammonium

I

of

sulphate solution in the pres-

sulphate is less than 0.3 mg per liter

in a pH range of 7.0 to 8.0.

The manganous

readily leachable and apparently

ion is more

replaces the ferrous

iron to a large degree in solution, during the leaching
stage, oxidation

of the remaining ferrous iron with air,

or more conveniently,

with manganese

dioxide anode slime

causes iron to precipitate.
Arsenic:

In line with electrolytic

arsenic is either chemically
the precipitation

zinc practice,

combined o~ absorbed

in

of ferric iron, leaving tbe concentra-

tion of arsenic at less than 0.05 mg per liter, in a
solution of pH 7, provided that sufficient
cipitated.

It was found that a ferrous-iron

iron is pre-.
concentra-

tion of 0.1 gram per liter was desirable for reducing
the arsenic content from 1 mg per liter to less than
0.05 mg per liter.
form of metallic

Aceordingly,

ferrous iron in the

iron or ferrous sulphate was added to

the impure leach solution when the ferrous-iron
was less than 0.1 gm per liter.

content

19

Copper:
placement

Usual practice of copper removal is re-

either by contact with iron in the form ot

scrap or with zinc in the form of powder.
are applicable

to manganese

electrolyte

provided that the introduced

Both methods

puriticationt

impurity is remo~ed.

Iron

can be removed, as stated above and zinc can also be
removed by sulphide precipitation
Copper can be precipit~ted

directly with the sul-

phide ion.
Cobalt and nickel:

Like copper, cobalt and nic-

kel can be precipitated
zinc and subsequent

by replacement

zinc precipitation.

phide will precipitate

with powdered
Also the sul-

both cobalt and nickel to the

extent of the solubility

of the respectiwe

Alpha n1troso beta naphthol

sulphides.

is used as a precipi-

tating agent for cobalt in at least two electrolytic
zinc plants, with apparently
its adaptability

successful

to cobalt in manganese

results; but
electrolyte

has not been studied thoroughly.
Xanthates,

such as potassium

and sodium ethyl xanthate,

have been found to be con-

venient agents for precipitating
balt from neutral manganese
used for that purpose.

pentasol xanthate

both nickel and co-

electrolyte

and have been

;.::u -,

It has been suggested

that manganese

be used to remove all the impurities,

metal might

since it will dis-

place all but the alkaline and alkaline earth metals
from solution.
There seems to be no reason why the sulphide ion
cannot be used to precipitate

impurities

the removal of iron.8 The solubility
ous sulfide is 1.4 X lO-15whereas,
of remaining

impurities,

remaining

after

product of mawgan-

those of the sulfides

are all of the order of 1 X 10-23•

Bureau of Mines reports show that the sulfide ion
is not detrimental

when present

in small concentrations.

Calcluln sulfid.e is used for introducing

the sulfide

ion into the solution because it can be added in eas.ilymeasured

quantities

and, because,

its solubility

The added impurity should not accumulate

MONTANA SCHOOL OF MINES UBM.Rt
JUJTTR

is low.

in the system.

21L

CONCLUSIONS
Temperature:

From the data shown in Tables II and

III, it is evident that elevated temperatures
sary for efficient recovery of manganese.
were run at room temperatures

are neces-

Several leaches

for 24-hour periods a.d re-

coveries of less than 60 per cent were obtained, therefore,
it would be unadvisable

to attempt any leaching, at or

mear, these temperatures.
with all previous
Mesh Size:
importance

This is in complete agreement

inwestigations.
The mesh size of the ore is of great

for maximum recovery.

Two leaching tests

were run on coarser mesh sizes (-6 mesh and -28 mesh) and
recoveries

of the order of 45 and 65 per cent were obtained

at elevated temperatures
whereas,

recoveries

with a two-hour leaching period,

of 96 to 99 per cent were obtained

using -65 and -100 mesh ore with the same leaching eonditioDS.

The fact that approximately

obtained, whether

using -65 or -100 mesh material,

probably be accounted
material

the same results were

for by the large percentage

can

ot fine

in both mesh sizes.

Acid Consumption:

The theoretical

amount of sulfur-

ic acid required to dissolve 1 pound of manganese

is 1.78

pounds; this is equivalent to 44 grams of sulfuric ac:id

24

per liter, the theoretical
25 grams 'of manganese.
tice is considerably
of impurities

amount Becessary

The actual amount used in p rac-

higher than this due to solution

in the ore.

The most efficient concentra-

tion of sulfuric acid is 50 grams per liter.
of acid gave the best recoveries
acid in the leaching

to dissolve

solution.

This amount

and left the least free
With this amount of acid

the highest pH and the best leaching conditions were also attained.

Below 50 grams per liter it is expected

that recovery will decrease, whereas,

the pH will increase.

However, no leaches were run below the above coneent ra t tone ,
As a result of these investigations

the following

con-

clusions were reached:
(1) The low-grade rhodochrosite

ore being mined at

the Emma Mine, in Butte, at the present time, can be
readily leached with high recovery, using a sulfuric acid
leaching solution at a temperature

between 85 and 90°0,

and a two-hour leaching period.
(2) The ore should be ground to pass a 65 to 100
mesh screen.
(3) Acid concentration

of the leached solution should

be at or near 50 grams per liter.

I

23

(4) Although no purification
solution was attempted,
the impurities
those described

of the pregnant

leach

there is no apparent reason why

cannot b'e removed by methods
by the Bureau of Mines.

similar to

24

RE-COMMENDATIONS

The following

recommendations
.
sult of these investigations.
(1) The same procedure

should be used in tests on

a larger scale to determine
operation
conditions

are offered as a re-

the optimrum conditions.

should be very closely controlled
more closely approaching

be used in commerical
(2) Purification
be attempted

The

to obtain

those which would

production.
and subsequent

as mentioned

electrolysis

should

earlier.

(3) A study should be made of reagent consumption
on a cost basis to find if leaching, and purifie'at'ion are
economically

feasible.

25
Mn

so;

M"S()1'S~O

Figure lA
Ternary System: H20

- (NH4)2S04 ':'"
MnS04, (at 25°C)

Figure m
Ternary System: H20

- (NH4)2S04 - ~04

(at 50°C)
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TABU II

Mesh
thru

Ore
Temp
gm/lit °c

Time
hrs.

Free Acid ~
Mh
gm/Liter
gm/liter

Fe
gm/liter

'\.

hm.Recovery
Per Cent

65

150

65-70

lL

56.4

12.3

2.5

49.2-

65

150

65-70

2

49.1

18.5

2.9

73.8

65

150

65-70

4

39.0

23.1

3.1

92.3

1-

-'

100

150

65-70

1

46.5

17.9

2.7

71.4-

100

150

65-70

2

42.1

22.2.

2 ..
9

88.9

100

150

65-70

4

36.5

24.0

3.5

96.1

65

150

85-90

1

41.3

22.3

2.9

89.1

65

150

85-90

2

39.0

24.4

3.5

97.6

i-----'

65

150

85-90

4

38.8

24..
5

3.6

98.2

100

150

85-90

1

40.6

23.8

3.4

95.5

f-

100

150

85-90

2

38.1

24.6

3.6

98.7

100

150

85-90

4

37.5

24.8

3.7

99.0

I-

In all above tests 90 grams of sulfuric acid per liter and 150 grams
ammonium. sulfate per liter were used.
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TABLE

III

~esh
thru

Ore
gal/lit

"'100

150

80

85...
90

2

26.5

1.1

24.7

98.9

"'100

150

70

85-90

2

22.3

1.3

24.6

98.5

"'100

150

60

85-90

2

8.8

1.8

24.6

98.2

"'100

150

50

85-90

2

2.5

2.0

24.2

97.7

Acid
g.cn/lit

Tem.p

°c

Tim.e
\~hrs

Free Acid pH
gm/Lit

Mn

gm./Lit

MD..Recovery
Per Cent
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